r Local regulation of vascular resistance adjusts coronary blood flow to metabolic demand, although the mechanisms involved are not comprehensively understood r We show that heart tissue surrounding rat coronary arteries releases diffusible factors that regulate vasoconstriction and relaxation r Perivascular tissue reduces rho-kinase-dependent smooth muscle Ca 2+ sensitivity and constriction of coronary arteries to serotonin, the thromboxane analogue U46619 and the α 1 -adrenergic agonist phenylephrine r Endothelium-dependent relaxation of coronary arteries in response to cholinergic stimulation is inhibited by perivascular tissue as a result of reduced endothelial Ca 2+ responses and attenuated H 2 S-dependent signalling r These results establish cellular mechanisms by which perivascular heart tissue can modify local vascular tone and coronary blood flow Abstract Interactions between perivascular tissue (PVT) and the vascular wall modify artery tone and contribute to local blood flow regulation. Using isometric myography, fluorescence microscopy, membrane potential recordings and phosphospecific immunoblotting, we investigated the cellular mechanisms by which PVT affects constriction and relaxation of rat coronary septal arteries. PVT inhibited vasoconstriction to thromboxane, serotonin and α 1 -adrenergic stimulation but not to depolarization with elevated extracellular [K + ]. When PVT was wrapped around isolated arteries or placed at the bottom of the myograph chamber, a smaller yet significant inhibition of vasoconstriction was observed. Resting membrane potential, depolarization to serotonin or thromboxane stimulation, and resting and serotonin-stimulated vascular smooth muscle [Ca 2+ ]-levels were unaffected by PVT. Serotonin-induced vasoconstriction was almost abolished by rho-kinase inhibitor Y-27632 and modestly reduced by protein kinase C inhibitor bisindolylmaleimide X. PVT reduced phosphorylation of myosin phosphatase targeting subunit (MYPT) at Thr850 by ß40% in serotonin-stimulated arteries but had no effect on MYPT-phosphorylation in arteries depolarized with elevated extracellular [K + ]. The net anti-contractile effect of PVT was accentuated after endothelial denudation. PVT also impaired vasorelaxation and endothelial Ca 2+ responses to cholinergic stimulation. Methacholine-induced vasorelaxation was mediated by NO and H 2 S, and particularly the H 2 S-dependent (DL-propargylglycine-and XE991-sensitive) component was attenuated by PVT. Vasorelaxation to NO-and H 2 S-donors was maintained in arteries with PVT. In conclusion, cardiomyocyte-rich PVT surrounding coronary arteries releases diffusible factors that reduce rho-kinase-dependent smooth muscle Ca 2+ sensitivity and endothelial Ca 2+ responses. These mechanisms inhibit agonist-induced vasoconstriction and endothelium-dependent vasorelaxation and suggest new signalling pathways for metabolic regulation of blood flow.
Introduction
Matching local blood flow to the metabolic demand is a critical physiological function in the heart that protects against ischaemia and consequent cardiac dysfunction. By contrast to heavily sympathetically innervated vascular beds (e.g. mesenteric arteries) where output from the cardiovascular centre in the brain stem controls vascular tone and resistance, the coronary vasculature is controlled mostly by local mechanisms. Regulation of coronary blood flow involves responses to physical forces, such as changes in transmural pressure (i.e. myogenic responses) and shear stress (i.e. flow-mediated vasodilation), and responses to metabolites (e.g. build-up of acidic waste products).
Regulation of vascular resistance is complex involving input to the vascular smooth muscle cells (VSMCs) from, for example, endothelial cells (ECs), nerve endings and the surrounding perivascular tissue (PVT). Despite the obvious physiological (e.g. during exercise) and pathophysiological (e.g. in ischaemic heart disease) importance of coronary blood flow regulation, the cellular and molecular background for cross-talk between the perivascular cardiac tissue and the coronary resistance arteries remains incompletely understood. Previous studies focusing on the vasoactive effects of perivascular adipose tissue propose that the release of anti-contractile factors from PVT is altered in obesity (Yudkin et al. 2005; Greenstein et al. 2009; Aghamohammadzadeh et al. 2013) and hypertension (Li et al. 2013) , as well as in response to inflammation (Bhattacharya et al. 2013 ), suggesting that disturbed signalling between PVT and the arterial wall contributes to the development of cardiovascular disease.
A role for PVT in modifying artery tone has been suggested for several vascular beds, including the aorta (Lohn et al. 2002; Kohn et al. 2012) , mesenteric (Lynch et al. 2013; Li et al. 2013; Verlohren et al. 2004; Weston et al. 2013) , skeletal (Zavaritskaya et al. 2013) , coronary (Payne et al. 2009; Reifenberger et al. 2007 ) and subcutaneous arteries (Aghamohammadzadeh et al. 2013; Greenstein et al. 2009 ). Although most of these studies describe an anti-contractile influence of PVT, inhibition of endothelium-dependent vasorelaxation (Payne et al. 2009 ) and potentiation of vasocontractile responses (Gao et al. 2006) have also been proposed. The effects of PVT surrounding coronary arteries are particularly debatable because previous studies reach opposing conclusions with respect to whether PVT modifies coronary artery tone: some investigators find that PVT inhibits acetylcholine (ACh)-induced NO production (Payne et al. 2009 ), some describe inhibition of endothelin-induced contractions but no effect on ACh-induced relaxations (Reifenberger et al. 2007 ) and yet others report no vasoactive effects of PVT (Bunker & Laughlin, 2010) . Adding to the controversy, PVT has been suggested to act as a diffusion hindrance to exogenously applied agonists under in vitro experimental conditions causing the magnitude of PVT-mediated vasomotor effects to be overestimated (Li et al. 2013 ) and questioning its biological significance.
Although the cellular signalling mechanisms contributing to PVT-dependent regulation of vascular tone have not been conclusively determined, H 2 S (Schleifenbaum et al. 2010) , leptin (Dashwood et al. 2011) , NO (Dashwood et al. 2007) , angiotensin 1-7 (Lee et al. 2009 ), reactive oxygen species (Gao et al. 2006 ) and adiponectin (Greenstein et al. 2009 ) derived from adipocyte-rich PVT have all been proposed to possess signalling potential. Pharmacological interventions and results from genetically modified mice, however, are in conflict with respect to the contribution of individual signalling molecules (Fesus et al. 2007; Greenstein et al. 2009 ). The cellular mechanisms responsible for the vasoactive influence of adipocyte-rich PVT appears to involve the activation of K + channels in VSMCs leading to cell hyperpolarization and vasorelaxation (Li et al. 2013; Lohn et al. 2002; Verlohren et al. 2004; Lynch et al. 2013; Zavaritskaya et al. 2013; Kohn et al. 2012; Weston et al. 2013 ), although altered release or bioavailability of NO from ECs has also been proposed (Payne et al. 2009; Greenstein et al. 2009 ). Although these disparate results may in part be explained by species differences (Kohn et al. 2012) , the nature of the PVT-derived vasoactive factors and their cellular effects also probably vary between different vascular beds. In particular, more evidence is required concerning the role of vasoactive factors and downstream cellular signalling mechanisms in arteries surrounded predominantly by non-adipose tissue.
In the present study, we investigated the role of PVT-derived vasoactive factors and their mechanism of action in rat coronary septal arteries surrounded primarily by myocardial tissue. We show that cardiomyocyte-rich PVT releases diffusible factors that modify vasocontractile and relaxant responses and that, in their mode of action, are distinct from previously described factors from adipocyte-rich PVT. PVT surrounding coronary septal arteries inhibits agonist-induced vasoconstriction by lowering rho-kinase-dependent VSMC Ca 2+ sensitivity. PVT also diminishes vasorelaxation in response to cholinergic stimulation by attenuating EC Ca 2+ responses and inhibiting H 2 S-dependent signalling.
Methods
Male Wistar rats (10-14 weeks old) were killed by CO 2 inhalation followed by decapitation, their hearts placed in cold oxygenated buffer, and the coronary septal arteries isolated with or without surrounding PVT. PVT was either kept around the whole arterial circumference ('1/1 PVT') or left longitudinally around half of the arterial circumference ('1/2 PVT'), see Fig. 1 for histology examples. In other experiments, PVT was wrapped and gently fixed with a loose suture around arteries dissected free of the surrounding tissue, or arteries without adherent PVT were investigated with PVT placed at the bottom of the myograph chamber. All animal handling was approved by the Danish Animal Experiments Inspectorate.
Small vessel myography
Arteries were mounted in wire myographs (DMT, Aarhus, Denmark) and normalized to 90% of the internal diameter corresponding to a transmural pressure of 100 mmHg as described previously (Mulvany & Halpern, 1977) . The proximal and distal parts of the septal artery were mounted in separate myograph chambers. Typically, one part of the artery was investigated with PVT, whereas the other part was investigated without PVT to allow for paired comparisons. PVT was kept alternately around the proximal or distal part of the artery to avoid any systematic error caused by structural or functional differences between the different artery segments. The normalized diameter was 242 ± 5 μm for arteries with PVT around half of the circumference compared to 269 ± 4 μm for matched arteries without PVT (n = 112, P < 0.001, paired two-tailed Student's t test). When PVT was left around the whole arterial circumference, the normalized diameter was 212 ± 12 μm compared to 251 ± 12 μm for matched arteries without PVT (n = 13, P < 0.05, paired twotailed Student's t test). The relatively small difference in diameter estimates for arteries with and without PVT suggests that the presence of PVT does not interfere substantially with the passive mechanical properties of the arteries. Any potential effects of different passive wall stretch because of adherent PVT were controlled for by studying arteries wrapped in loose PVT.
Following normalization, and before data collection was initiated, the arteries were stimulated first with 80 mM extracellular K + in combination with 300 nM thromboxane analogue U46619 or 1 μM serotonin (these maximal contractile levels are reported for each agonist in Fig. 2 and are summarized in Fig. 2F ), then with 1 μM serotonin and, finally, with half-log cumulative additions of U46619 (from 1 nM to 3 μM). Arteries studied for contractile function, without PVT or with PVT around half the circumference, showed stable resting tension and produced more than 0.75 N/m active tension during (a) stimulation with 80 mM extracellular K + combined with 300 nM U46619 or 1 μM serotonin and (b) subsequent cumulative exposure (1 nM to 3 μM) to U46619. Vasorelaxant responses were tested in arteries developing a stable level of preconstriction corresponding to ß70% of maximal tension to U46619 by that artery, except for NaHS, which was tested at a level of preconstriction equivalent to ß50% of maximal tension. In select experiments, arteries were endothelium-denuded by passing air bobbles through the lumen. Successful denudation was confirmed by an abolished relaxant response to methacholine.
Experiments were performed in physiological saline solution containing (in mM): 140 Na + , 4 K + , 1.6 Ca 2+ , 1.2 Mg 2+ , 122 Cl − , 24 HCO 3 − , 1.2 SO 4 2− , 1.18 H 2 PO 4 − , 10 Hepes, 5.5 glucose and 0.03 EDTA. Solutions containing increased [K + ] were prepared by replacing the appropriate proportion of NaCl with equimolar amounts of KCl. All solutions were aerated with a gas mixture of 5% CO 2 balance air and pH was adjusted to 7.4 at 37°C.
Intracellular [Ca 2+ ] measurements
Intracellular Ca 2+ dynamics in VSMCs and ECs were investigated by confocal fluorescence microscopy of intact isolated arteries loaded with the Ca 2+ -sensitive fluorophores Fura Red and Calcium Green-1 (Invitrogen, Naerum, Denmark) as described previously (Boedtkjer et al. 2011) . When ECs were investigated, arteries were first mounted in a pressure myograph (110P; DMT) and perfused luminally with the acetoxymethyl ester derivatives of the fluorophores. Then, arteries were transferred to and mounted in a confocal wire myograph (120CW; DMT). When VSMCs were investigated, arteries were mounted directly in the confocal wire myograph and loaded by addition of the acetoxymethyl ester derivatives of the fluorophores directly to the myograph chamber. Fluorescence imaging was perfomed with a LSM 5 Pascal Axiovert 200 M confocal microscope (Carl Zeiss, Oberkochen, Germany). Images at 512 × 512 pixels were collected at 0.05 Hz (VSMCs) or 0.13 Hz (ECs). The arteries were excited at 488 nm and emission light collected in the range 505-600 nm (F 505-600 ) and at wavelengths longer than 615 nm (F > 615 ). The F 505-600 /F > 615 J Physiol 593.21 fluorescence ratio was taken as a measure of intracellular [Ca 2+ ]. In typical experiment, ß10 cells were visible within the field of view and were included in the analyses.
Membrane potential measurements
Membrane potentials of VSMCs were measured as described previously (Boedtkjer et al. 2013) . Arteries were mounted in a wire myograph (DMT) and normalized as described above. Membrane potential measurements were performed using aluminium silicate microelectrodes (WPI, Hitchin, UK) with a resistance of 40-120 M when backfilled with 3 M KCl and recorded with an Intra-767 amplifier (WPI), visualized on an oscilloscope (Gould-Nicolet Technologies, Loughton, UK) and continuously stored with a PowerLab system (ADInstruments, Dunedin, New Zealand). Electrode entry into cells resulted in an abrupt drop in voltage followed by a sharp return to baseline upon retraction. In arteries with PVT around half of the circumference, impalements were performed on the side dissected free of the surrounding tissue.
Histological investigations
Coronary arteries with or without PVT were fixed in 4% neutral-buffered formaldehyde (VWR, Herlev, Denmark) for 20 min, paraffin-embedded and cut to 3 μm thick sections on a RM2165 microtome (Leica, Wetzlar, Germany). Tissue sections were deparaffinized and rehydrated through graded alcohol rinses, stained with haematoxylin and eosin, and imaged with a Moticam 2500 digital camera mounted on a BA310 microscope (Motic, Hong Kong, China).
Detection of phosphorylation levels by immunoblotting
We investigated the phosphorylation status at Thr850 of the myosin phosphatase targeting subunit (MYPT), which is a substrate for the rho-kinase, using a protocol described in detail previously (Boedtkjer et al. 2011) . Bound antibody was detected by enhanced chemiluminescence (ECL Plus; GE Healthcare, Brøndby, Denmark) using conventional photographic film or an ImageQuant LAS 4000 luminescent image analyser (GE Healthcare). Following densitometric analyses using ImageJ software (NIH, Bethesda, MD, USA), background intensities were subtracted from the analysed band intensities. Arteries without PVT were compared with arteries wrapped in PVT, rather than arteries with adherent PVT, to permit the quick removal of the PVT and isolation of proteins from the arterial wall only. Phosphorylation of MYPT was investigated in matched arteries (a) under resting conditions, (b) stimulated for 5 min with concentrations of serotonin giving half-maximal tension in arteries without PVT or (c) depolarized with 40 mM extracellular K + .
Statistical analysis
Data are expressed as the mean ± SEM. Paired twotailed Student's t tests were used for comparison of single interventions between arteries from the same rats. More than two interventions on arteries from the same rats were compared by repeated measures one-way ANOVA followed by Bonferroni post hoc tests. When measurements from arteries isolated from different rats were compared, unpaired statistical tests were employed. Concentrationresponse relationships were analysed by sigmoidal curve-fits and the derived parameters (logEC 50 and maximum values) compared by extra sum-of-squares F tests. The area under the curve (AUC) was calculated and compared to evaluate the effects of pharmacological inhibitors on concentration-response relationships. P < 0.05 was considered statistically significant. Statistical analyses were performed using Prism, version 5.03 (GraphPad Software Inc., San Diego, CA, USA).
Results
We investigated the effects of PVT on rat coronary septal arteries. The septal artery is located on the cardiac septum and is closely surrounded by myocardial tissue separated only by a thin layer of perivascular connective tissue containing limited amounts of fat ( Fig. 1 ).
PVT marginally increases resting arterial tension
Resting tension in arteries with PVT around half of the circumference (0.82 ± 0.03 N/m) was marginally higher (n = 112, P < 0.001, paired two-tailed Student's t test) than in matched arteries without PVT (0.70 ± 0.02 N/m). Similarly, resting tension in arteries with PVT around the whole circumference (0.81 ± 0.07 N/m) was modestly higher (n = 13, P < 0.05, paired two-tailed Student's t test) than in matched arteries without PVT (0.60 ± 0.04 N/m). In arteries wrapped in PVT, resting tension was 0.68 ± 0.04 N/m, which was not significantly different from 0.63 ± 0.03 N/m in matched arteries without PVT (n = 14, P = 0.31, paired two-tailed Student's t test).
PVT inhibits agonist-induced but not depolarization-induced contractions
Concentration-dependent constrictions of coronary septal arteries were observed in response to application of serotonin ( Fig. 2A) , the stable thromboxane analogue U46619 ( Fig. 2B ) and the selective α 1 -adrenoceptor agonist phenylephrine ( Fig. 2C ). Original traces showing constrictions to serotonin are provided in Fig. 2D . For all three agonists, the contractile response was strongly attenuated when arteries were investigated with PVT ( Fig. 2A-C) . The magnitude of the anti-contractile effect depended on the amount of PVT present, as demonstrated by the observation that arteries with PVT around half of the circumference typically elicited greater contractile responses than arteries with PVT around the whole circumference ( Fig. 2A and C) .
No difference in contractile response to elevated extracellular [K + ] was observed between arteries with and without PVT ( Fig. 2E ). This finding demonstrates that artery constriction to membrane depolarization is unaffected by PVT and suggests that the difference in agonist-induced contractile responses between arteries with and without PVT ( Fig. 2A-C) is not a result of mechanical interference with artery constriction. When arteries were stimulated with 80 mM extracellular K + in combination with 300 nM U46619 or 1 μM serotonin ( Fig. 2F ), the elicited contractions in arteries without PVT were only modestly higher than contractions in response to 80 mM K + alone ( Fig. 2E ). Arteries with PVT around half of the circumference developed no additional tone when stimulated with serotonin or U46619 on top of 80 mM extracellular K + ( Fig. 2E and F) .
Anti-contractile effects of PVT cannot be ascribed solely to diffusion hindrance
Anti-contractile effects of PVT surrounding rat mesenteric arteries have been ascribed largely to PVT acting as a diffusion hindrance to agonists applied to the myograph chamber (Li et al. 2013) . Cleaning one side of the coronary septal arteries of PVT, however, only modestly reduced the anti-contractile effect ( Fig. 2A-C) , even though it would be expected to dramatically reduce potential diffusion limitations imposed by the PVT. Furthermore, when PVT was wrapped loosely around the arteries (Fig. 2G ) or placed at the bottom of the myograph chamber without direct contact to the arteries (Fig. 2H) , the anti-contractile influence of the PVT persisted even if the effect became gradually smaller. Taken together, these findings strongly support the idea that PVT releases one or more diffusible factors that inhibit agonist-induced vasoconstriction.
Anti-contractile effects of coronary artery PVT are distinct from adipocyte-derived relaxing factors
Several putative anti-contractile factors released from PVT (e.g. adiponectin, leptin, NO and H 2 S) have been proposed to act at least partly through activation of VSMC K + channels (Li et al. 2013; Lohn et al. 2002; Verlohren et al. 2004; Lynch et al. 2013; Zavaritskaya et al. 2013; Kohn et al. 2012; Weston et al. 2013) . Therefore, we measured VSMC membrane potentials ( Fig. 3A ) in coronary septal arteries with and without PVT and tested pharmacologically the involvement of K + channels, NO and H 2 S.
Resting VSMC membrane potential and depolarization to 1 μM serotonin or U46619 did not differ between arteries with and without PVT (Fig. 3B ). These findings strongly suggest that changes in K + channel activity do not contribute significantly to the anti-contractile effects of PVT surrounding coronary arteries. The conclusion that cardiomyocyte-rich PVT acts independently of K + channel activation is supported by the maintained difference in contractile response between arteries with and without PVT upon stimulation with serotonin or U46619 in the presence of 80 mM extracellular K + Fig. 2F ) when the gradient for K + is almost abolished. Further reinforcing this conclusion, the anti-contractile effects of PVT persisted after inhibition of ATP-sensitive K ATP channels (Fig. 3C ), voltage-gated K v 7 channels ( Fig. 3D ) and large-conductance Ca 2+ -activated BK channels ( Fig. 3E) , which have been suggested to mediate the effects of H 2 S (Zhao et al. 2001; Schleifenbaum et al. 2010) , adiponectin (Lynch et al. 2013) , leptin (Shanley et al. 2002) and NO (Feletou, 2009) . A concentration of 10 μM glibenclamide is required for full inhibition of K ATP channels in VSMCs (Quayle et al. 1995) . Although this concentration of glibenclamide shifted the concentration-response curve for serotonin to the right (Fig. 3C ), which is consistent with additional unspecific effects (Wareing et al. 2006; Crosbie et al. 2000) , the persistent difference between arteries with and without PVT suggests that K ATP channels are not required for the anti-contractile effect of PVT. The development of basal tone in response to the K v 7 channel blocker XE991 ( Fig. 3D ) and the BK channel blocker paxillin ( Fig. 3E ) prevented meaningful comparisons of agonist-induced contractions, although the development of lower basal tone in coronary septal arteries with than without PVT suggests that K v 7 and BK channels are not prominently involved in mediating the anti-contractile effects of cardiomyocyte-rich PVT.
In time control experiments, resting tension was essentially stable in arteries with ( tension = −0.08 ± 0.03 N/m) and without ( tension = −0.04 ± 0.03 N/m) PVT over a 40 min observation period corresponding to the time between two consecutive stimulations. The anti-contractile effect of PVT was also well-maintained between a first ( AUC 1/2 PVT -No PVT = −1.72 ± 0.70) and second ( AUC 1/2 PVT -No PVT = −1.42 ± 0.73) cumulative serotonin stimulation (3 nM to 10 μM) performed 40 min apart (n = 6,P = 0.27, paired two-tailed Student's t test). The addition of DL-propargylglycine (PPG) to inhibit cystathionine γ-lyase (CSE), which is the primary source of H 2 S synthesis in the vascular wall (Hosoki et al. 1997; Zhao et al. 2001) , did not affect vasoconstriction to serotonin or the anti-contractile effect of PVT (Fig. 3F ). The non-selective NO-synthase inhibitor N-nitro-L-arginine methyl ester (L-NAME) caused a significant increase in resting tension, which was of greater magnitude in coronary septal arteries without PVT than in matched arteries with PVT ( Fig. 3G ). Taken together, these findings suggest that neither NO, nor H 2 S is prominently involved in the anti-contractile effect of PVT in coronary septal arteries.
The effect of PVT was not mediated by adenosine because 100 μM of the adenosine receptor blocker 8-(p-sulphophenyl)theophylline (8-SPT) did not affect vasoconstriction to serotonin in arteries with or without PVT (Fig. 3H) . By contrast, 100 μM 8-SPT completely abolished the vasorelaxant response to exogenous adenosine: relative relaxation to 100 μM adenosine was 19 ± 3% under control conditions and −8 ± 1% in the presence of 8-SPT (n = 4, P < 0.01, paired two-tailed Student's t test).
PVT inhibits rho-kinase-dependent VSMC Ca 2+ sensitivity
To determine the cellular signalling mechanisms by which PVT inhibits vasoconstriction, we next measured VSMC Ca 2+ responses during serotonin stimulation. Original recordings based on confocal fluorescence microscopy of arteries dually loaded with Calcium Green-1 and Fura Red are shown in Fig. 4A . PVT did not significantly affect the resting VSMC [Ca 2+ ] level (baseline fluorescence ratio was 0.52 ± 0.04 in arteries with PVT compared to 0.54 ± 0.04 in arteries without PVT; n = 7, P = 0.62, paired two-tailed Student's t test) or the increase in intracellular [Ca 2+ ] upon addition of serotonin (Fig. 4B) . These findings suggest that the effect of PVT on artery tone acts primarily via reduced VSMC Ca 2+ sensitivity;
Average vasocontractile responses to serotonin (A) (n = 4-15), thromboxane analogue U46619 (B) (n = 6-17) and α 1 -adrenergic agonist phenylephrine (C) (n = 4-10) were attenuated by the presence of PVT, whether left around the whole (1/1 PVT) or half (1/2 PVT) of the arterial circumference. Resting tension prior to the addition of agonist: accordingly, we found that constriction of rat coronary septal arteries was concentration-dependently abrogated by the selective rho-kinase inhibitor Y-27632 ( Fig. 4C ). Application of 1 μM Y-27632 inhibited contractions in response to 10 μM serotonin to similar relative extents (n = 7, P = 0.50, paired two-tailed Student's t test) in arteries without PVT (49.3 ± 6.9%) and in arteries with PVT around half the circumference (42.7 ± 10.0%), indicating that the sensitivity to Y-27632 was unaffected by PVT. Application of 1 μM protein kinase C (PKC) inhibitor bisindolylmaleimide X (Bis-10) inhibited contractions induced by serotonin more modestly (Fig. 4D ). Y-27632 and Bis-10 were used at concentrations previously shown to provide complete kinase inhibition (Davies . Our findings demonstrate that particularly the rho-kinase pathway plays a key role in vasomotor control of rat coronary septal arteries. The almost complete inhibition of vasoconstriction with 10 μM Y-27632, however, complicates pharmacological evaluation of whether the anti-contractile effect of PVT is rho-kinase-dependent. Instead, we investigated the importance of altered rho-kinase signalling by determining the level of MYPT phosphorylation at Thr850. MYPT is an immediate downstream target of the rho-kinase and its phosphorylation was reduced by ß40% in arteries wrapped in PVT compared to arteries without PVT when constricted by a concentration of serotonin leading to half-maximal tension development in arteries without PVT (Fig. 4E ). Application of Y-27632 attenuated MYPT phosphorylation (Fig. 4E) at concentrations equivalent to those inhibiting vasoconstriction (Fig. 4C ). Consistent with previous findings (Urban et al. 2003; Mita et al. 2002; Sakamoto et al. 2003) , we found ( Fig. 4F ) that 10 μM Y-27632 strongly inhibited constriction in response to depolarization induced by elevated extracellular [K + ]. Nonetheless, constriction to high extracellular [K + ] was unaffected by PVT both in the presence and absence of Y-27632 ( Fig. 4F ). Consistent with these findings, we saw no difference in MYPT phosphorylation levels between arteries with and without PVT when constricted by 40 mM extracellular K + (Fig. 4G) .
To explore the mechanisms of rho-kinase activation in rat coronary septal arteries, we performed matched experiments where MYPT phosphorylation was determined in unstimulated arteries maintained in a normal physiological saline solution (PSS) and in arteries stimulated with either 1 μM serotonin or 40 mM extracellular K + (K-PSS). As shown in Fig. 4H , MYPT phosphorylation was high in unstimulated coronary arteries. This is consistent with previous studies reporting that coronary septal arteries from Wistar rats develop substantial levels of myogenic tone, which is dependent on rho-kinase activity (Kold-Petersen et al. 2012) , and matches the prominent basal tone development following K + channel ( Fig. 3D and E) or NO-synthase (Fig. 3G ) inhibition. The high basal level of MYPT phosphorylation was maintained in arteries stimulated with serotonin, whereas it decreased substantially when arteries were depolarized by elevated extracellular [K + ] (Fig. 4H) . Although the mechanism for reduced rho-kinase activity at elevated extracellular [K + ] is currently undetermined, it is consistent with the modest additional tension development to U46619 and serotonin observed in the presence of 80 mM extracellular K + (Fig. 2F) .
Taken together, our findings suggest that anticontractile factors released by PVT surrounding rat coronary septal arteries play a major role for regulation of vasomotor tone by inhibiting rho-kinase signalling and agonist-induced contractions.
PVT inhibits the basal vasorelaxant influence of the endothelium
To test the role of the endothelium for the anti-contractile effect of the PVT, we denuded arteries of endothelium causing an almost complete inhibition of endothelium-dependent vasorelaxation (Fig. 5A ). As A,original traces of matched VSMC membrane potential and arterial force development during serotonin stimulation. B,VSMC membrane potentials at rest and during stimulation with 1 μM serotonin or 1 μM U46619 did not differ between coronary septal arteries with and without PVT (n = 7-8). C,the anti-contractile effect of PVT around coronary septal arteries (n = 8) persists in the presence of 10 μM K ATP channel inhibitor glibenclamide. Resting tension prior to the addition of serotonin was 0.80 ± 0.09 N/m (No PVT) and 0.72 ± 0.09 N/m (1/2 PVT) in the presence of glibenclamide compared to 0.81 ± 0.09 N/m (No PVT) and 0.84 ± 0.10 N/m (1/2 PVT) without glibenclamide. D and E,the increase in basal arterial tension following the addition of 10 μM K v 7 channel inhibitor XE991 (D) (n = 11) or 1 μM BK channel inhibitor paxillin (E) (n = 6) was reduced in arteries with PVT compared to arteries without PVT. No further basal tone development was seen if the concentration of paxillin was increased to 10 μM (data not shown). Resting tension was 0.60 ± 0.04 N/m (No PVT) and 0.61 ± 0.07 N/m (1/2 PVT) prior to the addition of XE991, and 0.57 ± 0.06 N/m (No PVT) and 0.74 ± 0.04 N/m (1/2 PVT) prior to addition of paxillin. F,the vasocontractile responses to serotonin were unaffected by 10 mM CSE inhibitor PPG in coronary septal arteries with and without PVT (n = 8). The slight rightward shifts of the concentration-response curves were similar to effects observed in time control experiments without addition of drug. Resting tension prior to the addition of serotonin was 0.81 ± 0.12 N/m (No PVT) and 0.61 ± 0.04 N/m (1/2 PVT) in the presence of PPG compared to 0.67 ± 0.04 N/m (No PVT) and 0.64 ± 0.04 N/m (1/2 PVT) without PPG. G,the increase in basal arterial tension following the addition of 100 μM NO-synthase inhibitor L-NAME was reduced in arteries with PVT compared to arteries without PVT (n = 6). Resting tension prior to addition of L-NAME was 0.74 ± 0.11 N/m (No PVT) and 0.73 ± 0.08 N/m (1/2 PVT). H,vasocontractile responses to serotonin were unaffected by 100 μM adenosine receptor antagonist 8-SPT in coronary septal arteries with and without PVT (n = 5). Resting tension prior to the addition of serotonin was 0.62 ± 0.02 N/m (No PVT) and 0.36 ± 0.03 N/m (1/2 PVT) in the presence of 8-SPT compared to 0.65 ± 0.03 N/m (No PVT) and 0.53 ± 0.02 N/m (1/2 PVT) without 8-SPT. The data were compared by a paired two-tailed Student's t test (B, D, E and G) or fitted to sigmoidal curve fits and compared using extra sum-of-squares F tests (C, F and H). * * P < 0.01, * * * P < 0.001. NS, not significantly different vs. arteries without PVT. J Physiol 593.21 shown in Fig. 5B , the anti-contractile effect of the PVT was accentuated after endothelial denudation: AUC increased by 0.15 ± 0.25 in arteries with PVT around half the circumference, whereas it increased by 1.07 ± 0.41 in arteries without PVT (P < 0.05, unpaired two-tailed Student's t test). These findings show that the anti-contractile effect of PVT surrounding coronary septal arteries is not endothelium-dependent. Instead, PVT reduces the basal vasorelaxant influence of the endothelium. 
PVT has anti-relaxant effects
We next tested whether the presence of PVT affected the relaxant responses of coronary septal arteries to endothelial agonists. ACh (Fig. 6A ) and the ACh-esterase resistant analogue methacholine (Fig. 6B ) induced concentration-dependent vasorelaxation, and the sensitivity to these cholinergic agonists was lower in arteries with than without PVT. Original traces are shown in Fig. 6C .
Relaxation to cholinergic stimulation was largely sensitive to 100 μM L-NAME (Fig. 6D and E) . Particularly in arteries without PVT, an additional PPG-sensitive (i.e. H 2 S-dependent) component was observed (Fig. 6D ). Although the difference in relaxant response to cholinergic stimulation between arteries with and without PVT remained following NO-synthase inhibition ( Fig. 6D and E) , it was absent after inhibition of H 2 S production ( Fig. 6D and F) . Incubation with PPG alone reduced the difference in relaxation (evaluated as AUC) between arteries with and without PVT from −0.31 ± 0.14 to −0.08 ± 0.12 (Fig. 6F) . By contrast, the vasorelaxant response to methacholine was well-maintained in time control experiments where the inhibitory effect of PVT persisted from the first ( AUC 1/2 PVT -No PVT = −0.41 ± 0.11) to the second ( AUC 1/2 PVT -No PVT = −0.60 ± 0.17) cumulative methacholine stimulation performed 40 min apart. Thus, incubation with PPG significantly abrogated methacholine-induced relaxations compared to time control experiments (P < 0.05, unpaired two-tailed Student's t test). The difference in vasorelaxant response after NO-synthase inhibition between arteries with and without PVT was also abolished when K v 7 channels, which represent important targets for H 2 S (Martelli et al. 2013) , were inhibited with 10 μM XE991 (Fig. 6E) .
Relaxant responses to the exogenous NO-donors sodium nitroprusside (SNP, Fig. 7A ) and S-nitroso-N-acetyl-D,L-penicillamine (SNAP) (Fig. 7B) were not significantly different between arteries with and without PVT. The response of preconstricted arteries to the H 2 S-donor NaHS was, as described by others (Ali et al. 2006) , biphasic, with initial constriction followed by relaxation (Fig. 7C) . Consistent with this complex vasomotor response to NaHS, studies have shown the involvement of multiple cellular targets (Cheang et al. 2010; Tian et al. 2012; Ping et al. 2015) . Still, investigators have proposed that K v 7 channels play a predominant role for vascular responses to endogenous H 2 S (Schleifenbaum et al. 2010) . We found that K v 7-dependent vasorelaxation to 1 mM NaHS, as calculated from the level of maximal contraction at 100 μM NaHS, was similar (P = 0.97, paired two-tailed Student's t test) in arteries (n = 6) with (relative XE991-sensitive relaxation = 0.31 ± 0.15) and without A,original traces of the relative changes in Ca 2+ -dependent fluorescence in VSMCs of arteries with and without PVT during cumulative addition of serotonin. At the arrows, the concentration of serotonin was increased stepwise to 10 nM, 100 nM, 300 nM, 1 μM and 10 μM, respectively. B,average VSMC Ca 2+ responses to serotonin were not significantly affected by PVT (n = 7). C,vasoconstriction to serotonin was concentration-dependently abolished by rho-kinase inhibitor Y-27632 (n = 7-8) in arteries with and without PVT (P < 0.001). Resting tension prior to addition of serotonin was 0.64 ± 0.05 N/m (No PVT) and 0.68 ± 0.07 N/m (1/2 PVT) without Y-27632, 0.60 ± 0.06 N/m (No PVT) and 0.47 ± 0.05 N/m (1/2 PVT) with 1 μM Y-27632 and 0.58 ± 0.05 N/m (No PVT) and 0.49 ± 0.06 N/m (1/2 PVT) with 10 μM Y-27632. D,vasoconstriction to serotonin was partly inhibited by 1 μM PKC-inhibitor Bis-10 (No PVT: P < 0.001, 1/2 PVT: P < 0.01) but the relative difference between arteries with and without PVT persisted following PKC inhibition (n = 8). Resting tension prior to addition of serotonin was 0.60 ± 0.03 N/m (No PVT) and 0.49 ± 0.03 N/m (1/2 PVT) in the presence of Bis-10 compared to 0.65 ± 0.03 N/m (No PVT) and 0.66 ± 0.03 N/m (1/2 PVT) without Bis-10. E,representative immunoblots and average relative levels of MYPT phosphorylation at Thr850 in arteries stimulated with a concentration of serotonin giving half-maximal tension development in arteries without PVT (n = 12). The level of MYPT phosphorylation was reduced by ß40% in arteries wrapped in PVT (n = 12) and concentration-dependently abolished by Y-27632 (n = 4-6). Levels of phosphorylation are expressed relative to serotonin-stimulated arteries without PVT. F,vasocontractile responses to depolarization induced by elevated extracellular [K + ] were unaffected by PVT but strongly attenuated by 10 μM rho-kinase inhibitor Y-27632 (n = 4). Resting tension at 4 mM extracellular K + was 0.47 ± 0.06 N/m (No PVT) and 0.47 ± 0.05 N/m (1/2 PVT) in the presence of Y-27632 compared to 0.54 ± 0.05 N/m (No PVT) and 0.77 ± 0.05 N/m (1/2 PVT) without Y-27632. G,representative immunoblots and relative levels of MYPT phosphorylation at Thr850 in arteries stimulated with 40 mM extracellular K + (n = 7-9). Phosphorylation was not significantly different between arteries without PVT and arteries wrapped in PVT. Levels of phosphorylation are expressed relative to arteries without PVT stimulated with K-PSS. H,representative immunoblots and relative levels of MYPT phosphorylation at Thr850 in arteries without PVT (n = 5) under basal conditions (PSS), during stimulation with 1 μM serotonin and after activation with 40 mM extracellular K + (K-PSS). MYPT phosphorylation was high under resting conditions and serotonin stimulation but decreased markedly upon K + -induced activation. Levels of phosphorylation are expressed relative to resting arteries without PVT. Data were compared by paired or unpaired two-tailed Student's t tests (E and G), repeated measures one-way ANOVA followed by Bonferroni post hoc tests (H) or fitted to sigmoidal curve fits and compared using extra sum-of-squares F tests (B, C, D and F). * P < 0.05, * * * P < 0.001. NS, not significantly different vs. arteries without PVT under the same experimental conditions or as indicated. J Physiol 593.21 (relative XE991-sensitive relaxation = 0.30 ± 0.10) adherent PVT. The abolished H 2 S-mediated component of endothelium-dependent vasorelaxation but relatively well-maintained vasorelaxation to NaHS suggests that the production rather than the action of H 2 S is attenuated in arteries surrounded by PVT. Also, in contrast to the findings of a previous study in canine circumflex coronary arteries investigated with or without periadventitial adipose tissue (Payne et al. 2009 ), the anti-relaxant effect of the PVT surrounding rat coronary septal arteries was not affected by PKC inhibition (Fig. 6G) .
The inability of cholinergic agonists ( Fig. 6A and B) , SNP ( Fig. 7A) and SNAP (Fig. 7B) to relax arteries below resting levels (i.e. to levels of relative tension below 0) both in arteries with and without PVT suggests that neither group of arteries in general developed active tone under resting conditions.
PVT inhibits endothelial function by lowering Ca 2+ responses
To determine the mechanistic background for the reduced vasorelaxant response to methacholine in arteries with PVT, we measured EC Ca 2+ responses by confocal microscopy using the Ca 2+ -sensitive fluorophores Calcium Green-1 and Fura Red loaded specifically into ECs of intact isolated coronary arteries ( Fig. 8A and B) .
Original traces of Ca 2+ responses recorded in coronary arteries with and without PVT are shown in Fig. 8C .
The baseline Ca 2+ -dependent fluorescence ratio did not differ (P = 0.58, unpaired two-tailed Student's t test) between arteries with (0.54 ± 0.03, n = 17) and without (0.57 ± 0.03, n = 15) PVT. By contrast, the presence of PVT strongly attenuated the EC Ca 2+ response to methacholine both under control conditions ( Fig. 8D ) and after treatment with PPG ( Fig. 8E ) or Y-27632 (Fig. 8F) . The baseline Ca 2+ -dependent fluorescence ratio in ECs also did not differ between arteries with and without PVT after treatment with PPG (No PVT: 0.78 ± 0.08, 1/2 PVT: 0.73 ± 0.08; n = 5; P = 0.63, unpaired two-tailed Student's t test) or Y-27632 (No PVT: 0.52 ± 0.05; 1/2 PVT: 0.49 ± 0.02; n = 6-8; P = 0.64, unpaired two-tailed Student's t test). Notably, the EC Ca 2+ response to NaHS was similar in arteries with and without PVT (Fig. 8G) .
Together, these findings suggest that PVT releases one or more factors that interfere with EC Ca 2+ handling and thereby modulate vasorelaxant responses to endothelial agonists.
Discussion
In the present study, we show that diffusible factors from PVT facilitate cross-talk between coronary arteries and the surrounding cardiomyocyte-rich tissue and also propose cellular signalling mechanisms that allow coronary arteries to respond to changes in the metabolic requirements of the surrounding cardiac tissue. We demonstrate that A B Figure 5 . Endothelial denudation accentuates the net anti-contractile effect of PVT A,vasorelaxant responses to 10 μM methacholine before and after endothelial denudation (n = 10-11). The data were compared by a paired two-tailed Student's t test. B,the net anti-contractile effect of PVT was increased after endothelial denudation of coronary septal arteries (n = 10-11). Resting tension prior to addition of serotonin was 0.76 ± 0.09 N/m (No PVT) and 0.67 ± 0.08 N/m (1/2 PVT) in endothelium-denuded arteries compared to 0.67 ± 0.06 N/m (No PVT) and 0.64 ± 0.06 N/m (1/2 PVT) in control arteries. The data were fitted to sigmoidal curve fits and compared using extra sum-of-squares F tests.
vasoconstriction of rat coronary arteries is reduced in the presence of cardiomyocyte-rich PVT primarily as a result of inhibition of rho-kinase-dependent VSMC Ca 2+ sensitivity (Figs 2-4) . The PVT inhibits agonist-induced contractions, whereas no effect is seen on contractions induced by depolarization with elevated extracellular [K + ] (Fig. 2) . The influence of PVT specifically on VSMC Ca 2+ sensitivity is in contrast to previous studies from other vascular beds surrounded predominantly by adipose tissue: in mesenteric (Lynch et al. 2013; Li et al. 2013; Verlohren et al. 2004; Weston et al. 2013) , skeletal (Zavaritskaya et al. 2013) (Aghamohammadzadeh et al. 2013; Greenstein et al. 2009 ) arteries and in the aorta (Lohn et al. 2002; Kohn et al. 2012) , perivascular adipose tissue activates VSMC K + channels, and also causes VSMC hyperpolarization and vasorelaxation. In the present study, we see no effect of PVT on VSMC membrane potential at rest or during contraction (Fig. 3B) , which is consistent with PVT of coronary septal arteries acting independently of membrane excitability. The few previous studies investigating the role of PVT around coronary arteries have focused on porcine and canine coronary circumflex arteries, which are surrounded primarily by adipose tissue (Payne et al. 2009; Bunker & Laughlin, 2010; Reifenberger et al. 2007) .
Vasorelaxant responses to ACh (A) (n = 6-13) and methacholine (B) (n = 5-17) were attenuated in U46619-preconstricted arteries with PVT around the whole (1/1) or half (1/2) of the arterial circumference compared to arteries without PVT. C,original traces of vasorelaxant responses to cumulative application of methacholine in U46619-preconstricted coronary septal arteries with and without PVT. At each arrow, the concentration of methacholine was increased by a half-log step (between 10 nM and 10 μM). D and E,in the presence of 100 μM NO-synthase inhibitor L-NAME, the vasorelaxant response to methacholine was still significantly smaller in U46619-preconstricted arteries with PVT compared to arteries without PVT. The L-NAME-insensitive vasorelaxant response to methacholine was sensitive to 10 mM CSE inhibitor PPG (D) (n = 6-8) and 10 μM K v 7 channel inhibitor XE991 (E) (n = 7-8). F,incubation with 10 mM CSE inhibitor PPG alone significantly attenuated the difference in vasorelaxation to methacholine stimulation between arteries with and without PVT (n = 14). G,vasorelaxation to methacholine in the presence of 1 μM PKC inhibitor Bis-10 was persistently reduced in U46619-preconstricted arteries with PVT compared to arteries without PVT (n = 8). Data were fitted to sigmoidal curve fits and compared using extra sum-of-squares F tests. Effects of pharmacological inhibitors on the methacholine responses were evaluated by comparing areas under the curves. * * P < 0.01, * * * P < 0.001. NS, not significantly different vs. arteries without PVT under the same conditions. A C B Figure 7 . Vasorelaxation to NO-and H 2 S-donors are unaffected by PVT Vasomotor responses of preconstricted arteries with or without PVT to cumulative application of the NO-donors SNP (A) (n = 6-13) or SNAP (B) (n = 7-11) or the H 2 S-donor NaHS (C) (n = 12). Data were fitted to sigmoidal curve fits and compared using extra sum-of-squares F tests. NS, not significantly different vs. arteries without PVT.
Adiponectin, H 2 S and leptin are prominent candidates for anti-contractile factors released from adipocyte-rich PVT (Momin et al. 2006; Dashwood et al. 2011; Greenstein et al. 2009 ). Perivascular synthesis of NO (Dashwood et al. 2007) or enhancement of endothelium-derived NO in response to leptin (Sahin & Bariskaner, 2007) or adiponectin (Greenstein et al. 2009 ) has also been suggested. The rat coronary septal arteries used for the present study are surrounded by cardiac tissue separated from the vascular wall only by a thin layer of connective tissue containing few adipocytes (Fig. 1) . Coronary septal arteries are influenced by anti-contractile factors released from PVT (Fig. 2) , although the pharmacological profile and lack of K + channel dependency (Fig. 3 ) are not consistent with involvement of NO, adiponectin, leptin or H 2 S. Instead, the inhibition of contraction is caused by reduced rho-kinase-dependent VSMC Ca 2+ sensitivity (Fig. 4) . Considering the close approximation between the coronary septal arteries and the surrounding myocardial tissue, the findings of the present study are probably relevant for intramural coronary arteries, which contribute importantly to coronary vascular resistance. Earlier studies have focused almost exclusively on anti-contractile effects of PVT, although a study on canine coronary circumflex arteries suggested PVT-dependent inhibition of vasorelaxation caused by a PKC-mediated attenuation of NO-synthase activity (Payne et al. 2009 ). The anti-relaxant effect of PVT around rat coronary septal arteries, however, persists after inhibition of NO synthesis ( Fig. 6D and E) and is insensitive to PKC-inhibition ( Fig. 6G) . Instead, we find that the H 2 S-dependent component of vasorelaxation induced by cholinergic stimulation is strongly inhibited by PVT ( Fig. 6D-F) . Activation of the H 2 S-generating enzyme CSE upon cholinergic stimulation is Ca 2+ -dependent (Yang et al. 2008 ) and, in congruence with the reduced H 2 S signalling, we observe substantially blunted EC Ca 2+ responses in coronary septal arteries with PVT ( Fig. 8) . Although our findings suggest that endothelial H 2 S production is very markedly attenuated by PVT, the endothelial NO production was proportionally much less affected. This suggests that CSE requires high levels of intracellular [Ca 2+ ] for activation, whereas the substantial NO-mediated vasorelaxation in arteries with PVT also suggests that, at reduced EC Ca 2+ levels, the NO-synthase is prominently activated to induce vasorelaxation. In congruence with this observation, we find development of basal tone upon treatment with L-NAME (Fig. 3G ) consistent with basal production of NO at the low levels of EC [Ca 2+ ] found in unstimulated arteries. By contrast, treatment with PPG did not cause an increase in basal tone, suggesting that H 2 S production mostly occurs when EC [Ca 2+ ] is elevated above resting levels.
A previous study (Li et al. 2013 ) investigated the possibility that PVT inhibits vasomotor responses in vitro because it represents a diffusion barrier to agonists applied to the myograph bath. In the present study, we show that vasomotor effects of PVT could not be ascribed solely to diffusion hindrance because they were not dramatically reduced when PVT was removed from one side of the artery ( Fig. 2A-C) and were still present when PVT was wrapped around arteries ( Fig. 2G) or placed at the bottom of the myograph chamber (Fig. 2H) without physical contact to the artery. Additionally, we found that endothelial denudation increased the net anti-contractile effect of the PVT (Fig. 5) , although it should not increase any potential diffusion hindrance.
The dual regulation of coronary artery tone by PVT, modifying both vasoconstriction and vasorelaxation, probably provides more dynamic control of vascular resistance. Other than its putative contribution to metabolic regulation of coronary blood flow, cross-talk between cardiomyocytes and coronary arteries also purportedly contributes to ischaemic preconditioning (Bell & Yellon, 2012) , although the signalling mechanisms involved have not been fully resolved.
In conclusion, we show that diffusible vasoactive factors released from cardiomyocyte-rich PVT surrounding coronary septal arteries regulate arterial tone through distinct anti-contractile and anti-relaxant mechanisms. The exact nature of the diffusible factors is still unknown, although their inhibitory effect on artery constriction is caused by a lowering of rho-kinase-dependent VSMC Ca 2+ sensitivity. The anti-relaxant effects of the PVT result from inhibition of endothelium-dependent vasorelaxation and are principally explained by attenuated EC Ca 2+ responses and reduced H 2 S signalling. Our findings demonstrate that the modulation of vasomotor function previously described for perivascular adipose tissue surrounding arteries of different sources (including the aorta, mesenteric arteries, skeletal muscles, subcutaneous arteries and epicardial coronary arteries) also applies to other types of PVT, although the signalling pathways are different. We propose that the described signalling mechanisms permit cross-talk between coronary arteries and cardiomyocyte-rich PVT, and thus A,image of ECs in an isolated coronary septal artery loaded with Calcium Green-1 and Fura Red. Individual ECs were marked up as regions of interest (exemplified by the blue rectangle), analysed for changes in Ca 2+ -dependent fluorescence and averaged for each experiment. Scale bar represents 20 μm. B and C,original traces of relative changes in Ca 2+ -dependent fluorescence ratio (between Calcium Green-1 and Fura Red emissions) during cumulative addition of methacholine to arteries with and without PVT. At the arrows, the concentration of methacholine was increased stepwise to 100 nM, 500 nM, 2 μM, 10 μM and 30 μM, respectively. D-F,the increase in Ca 2+ -dependent fluorescence upon methacholine stimulation under control conditions (D) (n = 6-7) in presence of 10 mM CSE inhibitor PPG (E) (n = 5) or with 10 μM rho-kinase inhibitor Y-27632 (F) (n = 6-8) was reduced in arteries with PVT compared to arteries without PVT. G,the increase in Ca 2+ -dependent fluorescence upon application of the H 2 S-donor NaHS was not affected in arteries with PVT (n = 5) compared to arteries without PVT (n = 6). Data were fitted to sigmoidal curve fits and compared using extra sum-of-squares F tests. * * P < 0.01, * * * P < 0.001. NS, not significantly different vs. arteries without PVT.
allow coronary arteries to respond to changes in the metabolic requirements of the surrounding cardiac tissue.
